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[57] ABSTRACT 
A method and apparatus for comparinga sample of 
printed material, such as a bank note, with a standard 
original print by scanning the sample and the original to 
provide re?ectance values of text in corresponding 
zones in a preselected group of zones of a pattern, com 
mon to both original and sample and produced by se 
lecting re?ectancevalues occurring in selected parts of 
selected lines of scan. The difference in re?ectance 
values of the text in corresponding zones of the' prese 
lected group of zones is obtained and from these differ 
ences the relative position of the corresponding text is 
determined. The relative position of the text in the re 
maining corresponding zones is then determined by 
interpolating or extrapolating the values representing 
the relative positions of the text in the selected zones of 
the group and from the re?ectance values obtained 
from scanning those other corresponding zones. Instead 
of simultaneously scanning both sample and original, 
the original may be scanned ?rst and the re?ectance 
values stored, and then the sample scanned, the differ 
ences being obtained from the re?ectance values pro 
duced while scanning and the stored re?ectance values 
of corresponding zones. 

30 Claims, 16 Drawing Figures 
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METHOD AND'APPARATUS FOR DETERMINING 
‘ THE-RELATIVE POSITIONS OF 
CORRESPONDING POINTS OR ZONES OF A 

SAMPLE AND AN ORGINAL 

~ FIELD OF THE INVENTION 
This invention relates to a method of and apparatus 

for determining the relative positions of corresponding 
points or zones of a sample and an original. One of the 
most important requirements for mechanical compari 
son ofa sample and an original, e. g. of a printed product 
and a standard print for assessment of print quality, is 
exact determination of the relativeposition of the com 
parative objects'on ‘comparison. Only if the relative 
position is accurately known is it possible for corre 
sponding points on the sample and original to be clearly 
associated with one another and compared. The accu 
racy requirements in respect of relative position deter 
mination are particularly high, for example, inthe qual 
ity control of banknotes. In such cases, even minor 
relative position errors might incorrectly be interpreted 
as printing errors and hence result in faulty assessment 
of the banknotes under investigation. 

It is particularly difficult to determine the relative 
positions of printed products containing a number of 
partial texts printed one upon the other by different 
printing processes, e.g. offset printing, intaglio printing, 
or letterpress, as is the case, for example, with bank 
notes, the texts of which are usually made in two or 
three different printing operations. The term “text” as 
used in this context denotes the actual printed matter 
which may be ‘in the form of words, illustrations or 
indicia. The partial texts originating from the individual 
printing operations may be offset from one another 
from one banknote to another by as much as 1.5 mm due 
to irregular distortion of the text, uneven paper com 
pression, and so on. Displacements of this kind are per 
missible and should not therefore be interpreted as 
printing errors, but they must be taken into account in 
determining the relative positions. 
Another di?'iculty in determining the relative posi 

tions is that samples may be unevenly distorted so that 
different points or zones of the sample have different 
relative positions to the corresponding points or zones 
of the original. In such cases, determining the relative 
position of the sample in relation to the original by 
reference, for example, to two edges of the text would 
be inadequate, since points of the text situated just a 
short distance from the edges of the text and in the 
interior of the text may have relative positions which 
are distinctly different from the points of the text at the 
edges. 

PRIOR ART 

The known methods of cross-correlation or minimum 
error square sum can of themselves be used to deter 
mine the relative positions, but with the known relative 
positionmeasuring processes using these methods all or 
at least most of the original or sample text points are 
used for evaluation. Apart from the great technical 
outlay required for these methods, however, relatively 
long computing times are required to determine the 
maximum correlation values or the minimum error 
square sum'even ,with the most up-to-date technology. 
In practice,‘ therefore, these known, methods are unsuit 
able, at least in those cases in which very short comput 
ing times are required. Short computing or processing 
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2 
times are an essential condition for high capacity testing 
of samples on comparison or testing machines. It is only 
the high testing capacity that makes use of testing ma 
chines logical or economic. 

OBJECT OF THE INVENTION 

The object of the invention therefore is to provide a 
method which obviates at least the most serious of the 
above difficulties and allows for short computing times. 

SUMMARY OF THE INVENTION 

The method according to the invention selects indi 
vidual positioning text zones which are comparatively 
small with respect to the total original and sample area 
equally from the sample and the original, the relative 
positions of the corresponding positioning text zones of 
the sample and original are determined, and the relative 
positions of the other points of the test are determined 
by interpolation and extrapolation from these relative 
positions. 
The number of positioning text zones may be be 

tween 2 and 40, preferably between about 10 and 20. 
The total area of the positioning text zones is advanta 
geously about 0.5% to 10%, preferably about 1% of the 
total original area. This corresponds to an area of an 
individual position text zone of about 0.02% to 2%, 
preferably about 0.1% to 0.2% of the total original area. 
According to a preferred embodiment of the method 

according to the invention, the sample and the original 
are scanned pointwise, and the relative positions of the 
positioning text zones are determined by comparing the 
scanned values at corresponding raster points associ 
ated with raster zones selected to correspond to the 
positioning text zones. This can be effected by cross 
correlation or the minimum error square sum method. 
Preferably, however, the differences between the 
scanned values of corresponding raster points of the 
sample and original are formed for each raster zone, 
positive and negative differences are summated individ 
ually over each individual raster zone, and the positive 
and negative sum values determined are used as a mea 
sure of the relative positions to be determined. 
According to another preferred embodiment of the 

invention where a sample representing a printed prod 
uct has contents applied by different printing processes, 
a predetermined relative association of the text points in 
separate originals having different contents according 
to the different printing processes are used and the rela 
tive positions of the text points of the sample to those of 
the originals are determined separately for each origi 
nal 
The invention also relates to apparatus for perform 

ing the method, and comprises a ?rst point scanning 
device for generating scan values at each individual 
scanning raster point, a second scanning device which 
produces a scanning raster, identical to the first or a ?rst 
store having a number of storage places equivalent to 
the number of scanning raster points and which is 
adapted to be connected to the ?rst scanning device; 
and a logic operation stage connected after the ?rst 
scanning device and the second scanning device or the 
?rst store for associating the scanned values of the first 
scanning device and of the second scanning device or 
the ?rst store, wherein the logic operation stage is pre 
ceded by a selection stage which selects from all the 
scanned values at any time only those which originate 
from predetermined raster points or storage places asso 
ciated with individual raster zones. The logic operation 
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stage is constructed as a subtraction circuit for forming 
the differences between the selected scanned values 
from the ?rst scanning device and the second scanning 
device or the ?rst store. The logic operation stage is 
followed by a summation stage controlled by the selec- 5 
tion stage for forming for the raster points of each raster 
zone sum values of positive and negative scanned value 
differences separately according to the sign. A very 
advantageous embodiment of the invention has a store 7 
following the summation stage for storing the sum val 
ues of the individual raster zones and by a position 
computer which is connected to the store and which 
forms a predetermined number of position values" P] 
from the individual sum values S; in accordance with 
the equation Pi = i2K,-J-.S,-. ' 15 

BRIEF DESCRIPTION OF DRAWINGS 

A preferred embodiment of the invention will be 
explained in detail hereinafter with reference to the 
accompanying drawings wherein: 
FIG. 1 is a block schematic diagram of one embodi 

ment of apparatus according to the invention. 
FIG. 2 shows details of FIG. 1 to an enlarged scale. 
FIGS. 3a to 80 are examples of raster zones'and their 

re?ectance curves. I 

FIGS. 9a to 9d show re?ectance curves to explain the 
low-pass ?ltering system. 
FIG. 10 illustrates a stylized banknote on which is 

superimposed the raster zones and the division into 
sections. ‘ 

FIGS. 11-13 are block schematic diagrams of various 
details of FIG. 1. 
FIGS. 14a to 14c are details of scanning tasters, and 
FIGS. 15 and 16 are block schematic diagrams of 

other details from FIG. 1. , 

‘DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

The apparatus illustrated in FIG. 1 is intended for 
printed products having text applied by two different 
printing methods. For example, they may be banknotes, 
as illustrated, which have an offset printed text and an 
intaglio printed text. As already stated, two separate 
originals, each containing only the information requiredv 45 
for each individual printing method, as used for printed 
products of this kind and the relative positions of the 
printed product under test are determined separately 
with respect to each original. Accordingly, the appara 
tus is provided with three identical scanning systems, -' 
one for the sample under test Dp, one for the original 
DT bearing the intaglio printed-text, andv one for the 
original Do with the offset printed text. If the sample 
DP contains other information printed by ‘different 
methods (e.g. letter-press) in addition to the intaglio and ' 
offset printed information, then a corresponding num 
ber of additional scanning systems would have to be 
provided for the additional originals. ' 
The subscripts P, T, O to the reference numerals used 

in the drawings relate to the sample (P), the intaglio 
original (T) and the offset original (0), but for the sake 
of simplicity they are omitted hereinafter where there is 
no risk of confusion. . , ~ ' 

The scanning systems for the sample D pand the origii 
nals Dr and D0 each comprise a gripper drum W, the 
drums being ?xed on a common shaft I mounted for 
rotation in bearings 2 and driven in the direction of 
arrow X via a motor (not shown),»an imaging ‘optical 
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system 3 with an aperture diaphragm 4, photoelectric 
transducers 5, an ampli?er6 and “an A/D converter -7. 

The gripper drums are suction drums known per se, 
having=suction slots recessed'into their circumference 
and connected to a suction'source (not'i'shown). A par 
ticularly advantageous and convenient gripper drum of 
this type is described in German Patent Application P 
255 2300.6, which corresponds to US Pat. Appl. Ser. 

v*Ilne photoelectric transducers are arrays of photodi 
odes comprising a plurality of single diodes disposed in 
a straight-line. These photo—diode arrays are arranged 
parallel to the drum axes and receive the light re?ected 
from each generatrix of the prints ?xed on the gripper 
drums. The illumination source'for the prints has been 
omittedifor the sake of ‘clarity. ’ 
The positions of the scanning raster points, and hence 

the scanning raster, are ?xed by the distances between 
the individual diodes of the arrays and by the speed of 
revolution of the gripper drums. A central control unit 
23 ensures that each individual diode of the arrays is 
‘interrogated once during the rotation of ‘the drums overv 
a distance corresponding to the distance between two 
lines of the raster. The electrical signals produced by 
the individual photodiodes are fed to the ampli?ers 6 
‘and, after ampli?cation, are digitalized in the analog/ 
digital converters 7. The re?ectance values of the indi 
vidual raster points of the prints being scanned then 
appear in sequence line by line on the raster at the out 
puts 8 of the A/D converters 7, in the form of electrical 
digital signals. ' ‘ 

As shown in broken lines in FIG. 1, the individual 
scanning systems for the two originals DTand D0 could 
be replaced by stores 26 and 27 having a number of 
storage spaces corresponding to the number of points in ’ 
the scanning raster of the remaining scanning system for 
the sample. The two originals D7 and D0 would then 
have to bescanned, before the actual test is carried out, \ 
by means of the sample scanning system‘, and ‘the resul 
tant re?ectance values stored in the stores 26 and 27, 
from which they could then be withdrawn for further 
processing. ' ' ' 

The prints may be scanned not only to determine the 
brightness of the re?ected light, but also to' determine its 
colour composition. This would be somewhat more 
expensive, since a separate scanning system would be 
required‘ for each colour. Theoretically, however, it 
would‘ proceed in the same way as the monochrome 
scanning described here. ‘ ‘ ' ' ' 

The relative positions of corresponding zones on the ' 
' originals and the sample are determined in a measuring 
circuit having the general reference 29. This circuit ' 
comprises three gates 9;», 9T and 90, controlled by" a 
control stage 17, a mixer stage 11, a subtraction stage 12, 
a summation stage 13 also controlled by control stage 
17, a store 14, a position computer 15 and apos'ition 
store 16. ‘. " - » , 

Stage 17 controls the gates 9 so that only re?ectance 
values of raster points associated in each case with spe~ 
cific zones of the raster. can pass to the mixer ‘stage 11“ 
and-subtraction stage 12. In‘the mixer stage 11 the re 
?ectance values passed by the gates 97-and 90 are asso 
ciated with one another so that the resulting mixed 
product is directly comparable with the re?ectance 
values passed by the gate‘ 9p. This allows for the fact 
that the originals 'each‘have only one text,’while"the 
sample ‘contains two texts printed one on top of the 
other. The mixer stage '11 ‘electronically simulates ‘an 
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original having two texts printed one on top of the 
other. The mixer stage 11 is, in practice a multiplication 
circuit. The re?ectance values of the raster points of the 
originals as selected by the control stage 17 mixed in the 
mixer stage 11 are subtracted from the re?ectance val 
ues of the corresponding raster points of the sample in 
the subtraction stage 12. 
The resulting re?ectance difference values are added 

separately by sign in the summation stage 13 over a 
given group of raster points in a raster zone. The result 
ing negative and positive totals are stored temporarily 
in a stage of the store 14. A series of position values Pi 
is formed in the position computer 15 from the stored 
totals by interpolation and extrapolation and this series 
is loaded in the position store 16 from which it can be 
called therefrom via lines 40 for evaluation purposes, 
e. g. for re?ectance value correction on text comparison. 
The block schematic diagram of an apparatus for these 
operations is shown in the top left-hand part of FIG. 1 
and will be explained hereinafter. 
FIG. 13 shows a preferred embodiment of the control 

stage 17 in detail. The control stage 17 is substantially a 
correctable preselection counter and comprises a cor 
rectable preselection store 173, a comparator 175, a 
counter 176 and a raster zone displacement stage 172. 
The counting cadence 174 coinciding with the scanning 
cadence is fed from the central control unit 23. The 
serial numbers of all those raster points whose associ 
ated scanned re?ectance values are to be processed 
further, are stored in the preselection store 173. As soon 
‘as the counter 176 reaches one of these stored numbers, 
the comparator 175 emits a pulse which opens the gate 
9 for the associated raster point. The preselection store 
173 is correctable, i.e., the serial numbers can be in 
creased or reduced by speci?c amounts by the applica 
tion of a suitable correction signal. Certain summation 
values selected from those stored in the store 14 are 
used to produce this correction signal by means of the 
raster zone displacement stage 172, as will be explained 
hereinafter. 
FIG. 11 shows an embodiment of the summation 

stage 13 in greater detail. It comprises a shift register 
135, two groups of gate circuits 139a and 13% each 
connected, via lines 137, 138, to an output of the shift 
register, two summation circuits 131, 132 each con 
nected to one of the gate circuit groups, two threshold 
detectors 131a and 1320 connected to the summation 
circuits, and a discriminator circuit 133 connected to 
the threshold detectors. 
The re?ectance differences arriving from the subtrac 

tion stage 12 pass to the shift register 135. For example, 
a re?ectance difference indicated by the binary digit 
series 1011010 is shown in the stage furthest right of the 
stages of register 135.‘The eighth bit 136 forms a sign 
bit, “I” denoting positive and “0” denoting negative 
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differential values. The information from shift register ' 
135 passes via the gate circuits 1390 or 13% to the sum 
mation circuit 131 or 132 depending upon which of the 
gate circuits is just opened by the sign bit 136. In this 
way, only the positive re?ectance differences are added 
in the summation circuit 131, and only the negative in 
the summation circuit 132. 
The threshold detectors 131a and 1320 emit a signal 

as soon as the summation values at the outputs of the 
summation circuits exceed a given threshold. The dis 
criminator circuit 133 then determines at which of the 
threshold detectors this ?rst occurred and produces at 
its output, for example, a logic “I” when the output 
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signal of the threshold circuit 131a arrives earlier, and a 
logic “0” when the output signal of the threshold cir 
cuit 131a arrives later than that of the other threshold 
circuit 1320. Together with the summation values 
formed in the summation circuits 131 and 132 this infor 
mation now passes to the next store 14. As will be ex 
plained hereinafter, the output information of the dis 
criminator circuit indicates the direction of the relative 
positional distance between the sample and the original. 
A block diagram of the position computer 15 is 

shown in FIG. 12. It comprises a constant value store 
154 and a number of substantially identical computing 
circuits each having multipliers 151 to 153 and a sum 
mator 150, only one of such circuits being shown for the 
sake of simplicity. The number of computing circuits 
depends on the way in which the objects for compari 
son are divided up into sections, as will be described 
hereinafter. One input of each multiplier is cconnected 
to a storage place of the constant-value store 154 and 
another input to the storage places 140 or 141 of the 
store 14 connected in series with the position computer 
15. The outputs of the multipliers are connected to the 
inputs of the associated summator. The outputs 155 of 
the individual summators 150 have position values P], 
which are related, via‘the equation Pj = E,- K,j.S,-, to a 
specific number in each) case of the sum values S,- stored 
in the store 14, Kg denoting the multiplication constants 
stored in the constant-value store. The signi?cance of 
these position values is explained hereinafter. 
As already stated hereinbefore, determination of the 

relative positions between the sample DP and the origi 
nals DTand Do by means of common orientation of the 
text edges, is inadequate. According to a method in 
accordance with this invention, therefore, a plurality of 
selected small positioning text zones distributed over 
the entire text area are used for the measurement. The 
relative position of corresponding zones of the sample 
and the original are determined and the relative posi 
tions of the individual text points are determined there 
from by calculation. Preferably, however, the relative 
position of corresponding text points is not computed 
individually; instead, the text area is divided up into 
individual sections and in an approximation sufficient in 
practice it is assumed that text points within corre 
sponding sections have identical relative positions, so 
that only the relative positions of the invidividual corre 
sponding sections need to be determined. 
FIG. 10 is an example of the division into sections and 

the distribution and arrangement of positioning text 
zones. The printed text D is divided up into 60 sections 
F1 . . . F60. Eight positioning text zones P X, . . . P X4, Pyl 
. . . Py4 are distributed over its surface. The selection or 
arrangement of these positioning text zones is such that 
they each comprise text portions having highly con 
trasting text edges, the text edges in the P X zones being 
at right angles to those in the P X zones. In addition, the 
text edges should, as far as possible, extend in the axial 
or in the circumferential direction of the gripper drums. 
The advantages of such a positioning text zone selection 
will immediately be apparent from the following. 
A further criterion for selection of the positioning 

text zones lies in the differences between the contents of 
the individual originals. Referring to FIG. 1, the posi 
tioning text zones are so selected, for example, that 
some of them fall on those parts of the text where sam 
ple DP contains only information from one or other 
printing process,.but not from both printing processes 
simultaneously. For example, the positioning text zones 
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PXU) and Pym of the sample fall only on a portion of 
the text applied by the intaglio process, as will be imme 
diately apparent from the offset original D0, which 
contains no information at the corresponding places. 
Similarly, the positioning text zones P X(@) and P “0) fall 
on purely offset-printed portions of the text. For mea 
surement of the text zone relative positions, of course, 
the corresponding original positioning text zones 
PX‘KI), PY‘U), and Px‘ko), PY*(O) on the associated 
originals D1 and Do must be used. 
For an understanding of the following it must be 

remembered that the concept of a positioning text zone 
relates to the text, i.e., designates a speci?c section of 
the text area of the sample or original. Against this, 
raster zones, which term is hereinafter used to designate 
groups of raster points of the scanning raster, is related 
to the scanning raster and is in effect stationary. In other 
words, corresponding raster zones of the different scan 
ning systems contain raster points with exactly the same 
serial numbers. 
The relative position of two associated positioning 

text zones on the sample and the original is now deter 
mined by selecting and thus ?xing an appropriate raster 
zone to coincide with the positioning zone on the origi 
nal, and then determining for the sample and the origi 
nal the re?ectance values in the individual raster points 
of this raster zone which is fixed for all the scanning 
systems, and comparing them with one another. If the 
sample is not identically aligned with the original at 
every point of the text in respect of the scanning rasters, 
the sample positioning text zone will not coincide with 
the stationary raster zone and the re?ectance values in 
the raster points of the sample will therefore not coin 
cide with those of the original. The degree of coinci 
dence is then evaluated, as described hereinafter, for 
determination of the relative position. 

, Selection of the raster zones and hence of the posi 
tioning text zones is effected electronically, in control 
stage 17 by appropriate programming of the preselec 
tion store 173. 
FIG. 2 shows a detail of the text of the sample DP 

and the intaglio original DT on an enlarged scale. The 
chain-dotted squares denote the position of the raster 
zones in relation to the text detail on the sample and the 
original. FIG. 3a shows the re?ectance curve I in raster 
zone PXU) of the sample on one line of scan in the X 
direction (peripheral direction of the gripper drum) 
from X0 to X1. FIG. 3b shows the re?ectance curve I 
along the same raster line in the case of the original. 
FIG. 30 is the curve showing the difference AI of the 
re?ectance values. The area under the difference curve 
AI is a measure of the relative position AX of the associ 
ated positioning text zones with respect to the X-direc 
tion. A positive area means that the original is shifted in 
the plus-X direction as compared with the sample or the 
original positioning text zone under investigation in 
comparison with the corresponding positioning text 
zone on the sample. 

In practice, of course, it is not just a single raster line, 
but the entire raster zone, that is scanned. Averaging 
over the individual scanning lines can then be carried 
out to compensate, for example, for the in?uence of any 
printing irregularities. 
FIGS. 40 and 4b show the re?ectance curves I and I“ 

on scanning of the raster zones Pym and Py'm in the 
Y-direction (parallel to the gripper drum axis) along the 
same raster line from Y0 to Y1. FIG. 40 shows the curve 
for the re?ectance difference AI = I — 1*. The area of 
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the re?ectance curve is a measure of the relative posi 
tion AY of the associated positioning text zones with 
respect to the Y-direction. The negative area in this case 
means that ‘the original is shifted in the minus-Y direc 
tion as compared with the sample in the positioning text 
zone under investigation. 
For the reasons explained hereinafter, it has been 

found advantageous to make the imaging of the printed 
texts on the photo-diode arrays somewhat unsharp. The 
re?ectance curves are smoothed by the introduction of 
unsharpness. The re?ectance curves given in FIGS. 40 
to 4c are shown in FIGS. 5a to 5c in the case of unsharp 
imaging as an example. 
The continuous're?ectance curves shown in FIGS. 

30 to 5c are ideal curves which would result from con 
tinuous scanning. The curves actually consist of dis 
crete steps which result from scanning in discrete raster 
points. 

In FIG. 5d, which shows the same re?ectance differ 
ence curve as FIG. 50 but to an enlarged scale, the 
discrete raster points b1 . . . b5 are plotted with their 
discrete re?ectance difference values AI1 . . . A15. FIG. 
5e shows a raster zone P Y”) with raster points marked 
by minus signs. 
As already stated, the areas of the re?ectance difer 

ence curves form a measure of the relative positions AX 
and AY. These areas can now readily be determined by 
summation of the discrete re?ectance-value differences 
along a raster line (within the raster zone concerned). 
The sum is taken not just over a single raster line, but 
over all the raster lines or all the raster points of the 
zone in question. This sum value S,-is, of course, also a 
measure of the relative position of the associated posi 
tioning text zone, but without any random in?uence and 
is therefore more reliable. 
FIG. 6 shows a re?ectance curve similar to FIG. 5a 

with plotted raster points Yo, b1 . . . b5, Y1. A continu 
ous curve line 31 is shown in broken lines (correspond 
ing to FIG. 50), while a curve line 32 is shown in solid 
lines being made up of individual straight lines connect 
ing each pair of discrete re?ectance values I;,. It will 
readily be seen that the position error YFat I mitt occur 
ring in the case of discrete scanning and linear interpola 
tion between two discrete re?ectance values (instead of 
continuous scanning with a continuous curve) is negligi 
ble at the steep points of the re?ectance curve relevant 
to the determination of the relative positions. 
FIGS. 70 to 7g serve to explain the fact that the posi 

tioning text zones selected for determination need not 
necessarily always have a sharp text edge, i.e., two 
sharply contrasting substantially homogeneous zones 
with a relatively sharp boundary line, but that suitable 
positioning text zones may contain, for example, a line, 
Le. a linear zone on a highly contrasting background 
zone. FIG. 7a shows the position of such a line 8* on 
the original and a line S on the sample with respect to 
the stationary scanning raster represented by the coor 
dinate axis X. FIG. 7d shows the same lines but with a 
larger distance AX between them. FIGS. 7b and7e show 
the curves of the re?ectances I and I“ for the line ar 
rangements according to FIGS. 7a and 7a’. and FIGS. 
7c and 7f show the corresponding re?ectance difference 
curves Al. 

The main difference from the re?ectance difference 
curves in the case of positioning text zones with text 
edges is that the re?ectance difference values now oc 
curring are not just of one sign, but of both signs. While 
the absolute value of the relative position AX is given 
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solely by the sum of either the positive or negative 
reflectance differences extending over the entire raster 
zone area, the'sign of the relative position depends on 
whether the positive or the negative re?ectance differ 
ences ?rst occur on scanning along a raster line. FIG. 7g 
shows a raster zone P X0), in which those raster points 
in which positive re?ectance differences occur in accor— 
dance with FIG. 7f are marked with a plus sign and the 
other raster points with a minus sign. 

Evaluation of whichever sign ?rst occurs with the 
re?ectance differences is effected in the summation 
stage shown in FIG. 11. 
FIGS. 80 to 80 show that the text edges in the posi 

tion text zones need not necessarily extend in parallel to 
the raster lines of the scanning raster (directions X and 
Y), but may also extend at an angle thereto. The two 
rectangular raster zones P1 and P2 in FIGS. 8,, and 8b 
are’ also inclined at an angle to the coordinate X axes 
(FIG. 80). The text edges in the sample and the original 
are denoted by K1, K1‘ and K2, K2‘ respectively. The 
sums of the reflectance value differences measured at 
the raster points marked + are then a measure of the 
distance AS] and AS; between the associated text edges. 
The relative positions AX and AY of the positioning text 
zones can then be determined easily from these dis 
tances by way of the (known) angles {1 and g; of the text 
edges to the coordinate axes. 
FIGS. 9 to 9d show the in?uence of different text 

information structures on the required accuracy in de 
terrniningv the relative positions of the associated text 
zone. FIG. 9a shows three text structures successively 
in the X'direction as are typical of banknotes. The ?rst 
structure is an area of homogeneous density with two 
de?ning text edges BKl and BK2. The second structure 

I is made up of a ?ne line structure and a homogeneous 
area, the line structure having a density which increases 
in the X-direction. The boundary edges of the homoge~ 
_neous area are denoted by BK3 and BK4. The third 
structure comprises a row of coarser lines BKS. FIG. 9b 
shows the re?ectance curves associated with the indi 
vidual text structures in the case of sharp imaging. In 
FIG. 9c, the solid line shows the re?ectance curve of 
the same text structures with unsharp imaging. The 
broken line shows the re?ectance curve of an identical 
text structure which is imagined to be displaced by AX. 
FIG. 9d shows the curve of the differences of the two 
‘re?ectance curves I and I‘ in FIG. 90. It will be clear 
that relatively considerable difference values AI occur 
only at those points of the text structures which contain 
sharp text edges. The relative positions must therefore 
be determined very accurately in these portions of the 
text since even here very small displacements occurring 
between the sample and the original and not corrected 
by the relative position measurement can lead to faulty 
interpretation on comparing the sample with the origi 
nal. Text portions having toned areas or coarser line 
structures are less suitable for determining the relative 
positions. The relative positions need not be determined 
so accurately here, however,.because in such portions 
of the text relatively small positional deviations are not 
so important. 

Generally, it will be possible practically always to 
select the positioning text zones so that they contain text 
edges extending parallel to the raster lines. However, 
the denser zones of these positioning text zones will 
hardly ever be homogeneous or consist of just a line 
structure with tone lines parallel to the text edge. As a 
rule, the tone lines will extend at an angle to the text 
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edge so that the latter does not appear sharp but frayed. 
These frayed text edges can, however, be made arti? 
cally sharper by controlling the defocussing of the 
edges when imaging them on the photodiode arrays. Of 
course an electronic low-pass ?lter system could be 
used instead of unsharp imaging. 

Referring to the foregoing, therefore, a series of posi 
tioning text zones, i.e. at least two but preferably 10 to 
20 per original, are selected and the relative position in 
relation to the corresponding zone on the original is 
determined for each individual zone. As already stated, 
the sum values S,- of the re?ectance differences formed 
for each raster zone associated with a positioning text 
zone are then a measure of the relative positions AX and 
AY. On the basis of the special selection of the position 
ing text zones with text lines or text edges parallel to the 
raster lines, only the relative positions AX are present 
for certaining positioning text zones and only the rela 
tive positions AY for others. The former have the refer 
ences PX; . . . PX4 and the latter Pyl . . . PY4, as shown 

in FIG. 10. 
Because of their selection criteria, the positioning text 

zones are generally distributed fairly irregularly over 
the text area. For comparing the sample with the origi 
nals, however, the relative positions of all the text por 
tions must be available. Consequently, the print is now 
divided up as shown in FIG. 10 into, for example, genu 
inely equal sections, and the relative position (AX,AY) 
of the individual sections is calculated by interpolation 
and extrapolation from the relative positions of the 
positioning text zones nearest each section. Taking 
index j as the number of a section and the index i as the 
number of a sum value or a relative position AX or AY 
of the positioning text zone, the relative positions AXFJ 
and AYF. of the section Fj are calculated in accordance 
with the following formulae: 

In these formulae, KXI. .and KY”. denote empirically 
determined interpolation constants depending essen 
tially on the distance D X,- J. and Dyij (FIG. 10) between 
the positioning zone of number i and the centre of the 
section of number j. The indices X and Y relate only to 
the allocation of the constants K to AX-positioning text 
zones or to AY-positioning text zones. Depending on 
the positions of the sections j the sums extend, for differ 
ent values of j, over the same or over different i-values. 
For the section No. 27 shown in FIG. 10 the above 
formulae explicitly read as follows: 

These calculations are carried out in the position 
computer 15 already described. The constants K are 
stored in the constant store 154. 

g The following approximation formulae may also be 
used to ?x the constants K Xi J- and Kym-I 

_1__. 1 . 1 

DE" Dim‘ Dina~ 



4,131,879 
11 ' 

where c is an empirical constant which may,'for exam 
ple, be 1. The formula is valid both for KKI. . and also 
Kyi; the indices X and Y have therefore been omitted. 
The following conditions should also be satis?ed: ' 

In some cases it may be necessary to use not only the 
nearest positioning zones for calculation of the relative 
positions of the individual sections, but also positioning 
zones situated farther away, e.g. the zone P X1 (with the 
relative position AXl) for the section F27 in FIG. 10. 
Since the positioning text zones farther away are to 
some extent screened by the nearer zones, their in?u 
ence must be proportionally reduced, and this can be 
done, for example, by multipling the associated expres 
sion Ki‘i. AXk by a screening factor sin Wk”, where the 
latter denotes the angle at which the distance between 
the screened positioning text zone PK and the screening 
positioning text zone Piappears from the centre of the 
section Fk. 
Up till now only translatory relative displacements 

between the sample and the originals have been taken 
into account. Of course rotational displacement can also 
be included in calculating‘the relative positions of the 
corresponding sections. To this end, preferably, two 
positioning text zones situated as far apart as possible, 
e. g. P Y1 and P B in FIG. 10, are selected and the angular 
displacement of the entire original from the sample is 
determined from their relative position difference (e.g. 
AY3 — AYI) by division by the distance between them. 

In FIG. 1, only text information of a single printing 
method (only intaglio or only offset printing) was pres 
ent in the selected positioning text zones. This is the 

, optimum case, since with this system the independent 
relative position determination is not disturbed by the 
other type of print. The mixer stage 11 in such cases 
operates rather as an OR gate, since text information 
comes either only from the offset original or only from 
the intaglio original. However, it may be necessary to 
use positioning text zones in which information from 
both printing methods is present, e.g. a pronounced text 
edge from one printing method and a less pronounced 
line or tone structure from the other printing method. In 
that case, the mixer stage 11 acts as a superimposition 
print computer which from the individual reflectance 
values of the intaglio and offset originals calcuates the 
combined re?ectance values which should correspond 
to those of the sample containing both prints. The re 
sulting abrupt changes in re?ectance at edges of the 
text, for example, after the mixer stage will be equal to 
those of the sample, so that the correct differential val 
ues can be formed in the subtraction stage. 
As already described, selection of the raster zones 

and hence of the positioning text zones required for 
determining the relative positions of corresponding 
zones in the sample and originals is effected by appro 
priate programming of the correctable preselection 
store 173. Since the relative positions to be determined 
may be in a fairly large range, the positioning text zones 
must be selected to be relatively large to ensure that the 
subsequent processing produces a reliable result. How 
ever, the larger the positioning text zones are made, the 
less the expected accuracy and the longer the comput 
ing time required. To keep the positioning text zones as 
small in area as possible, their position is corrected by 
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reference toa‘ rough position measurement. To do this 
the relative positions AX, AY of speci?c selected posi 
tion text zones are measured and supplied as correction 
values to the correctable preselection store. The other 
positioning text zones or raster zones are then corrected 
according to these selected relative positions. Selection 
of the relative position values or positioning text zones 
used for this correction is effected by the raster zone 
displacement stage 172 which has already been men 
tioned hereinbefore and which is suitably programmed. 
Of course, these raster zones orpositioning text zones 
used for correction are so disposed that their scanning is 
complete before scanning the other positioning text 
zones. 

It is also advantageous to select the positioning text 
zones or raster zones so that no raster point ofa zone is 
situated in the same raster line (Y -direction) as a raster 
point of any other’ zone. The circuitry is thus simpli?ed 
considerably for the summation of the re?ectance dif 
ferences, whichv is carried out separately for each raster 
zone. I ' 

For the sake of completeness it should be mentioned 
that at the start of each measurement the contrast be 
tween the original and the sample is adjusted so that 
approximately the same reflectance values for the same 
densities are obtained. ’ 

A description will now be given of the text compara 
tor circuit, which has the general reference 28 in FIG. 
1 and in which the ‘re?ectance values from correspond 
ing text points of the sample and originals are associated 
with one another by reference to the relative position 
values available in the store 16, and are compared with 
one another and then error evaluation is carried out by 
reference to the vresults of the comparison. 
The text comparator circuit 28 comprises three inter 

mediate stores 10p, 10Tand 100, two correlators 18 and 
19 each connected to the position store via a line 40 and 
controlling the intermediate stores, a mixer stage 20, a 
subtraction stage 21 and an error computer 22. 
The re?ectance values of the sample and the originals 

pass from outputs 8 of A/D converter 7 to the interme 
diate stores 10, where they are provisionally stored. The 
re?ectance values stored in the intermediate stores 10T 
and 100 are fed to the correlators 18 and 19 in accor 
dance with the position values fed to them, and are 
associated in the mixer stage 20 in the same way as in 
the mixer stage 11 of the evaluation circuit 29. These 
associated original re?ectance values are then sub 
tracted in the subtraction stage 21, similarly to the sub 
traction stage 12, from the sample re?ectance values 
which have also been fed from the intermediate store 
10p after a predetermined delay. The resulting re?ec 
tance differential values are then evaluated in the error 
computer 22 in accordance with speci?c evaluation 
criteria. The individual functions are again controlled 
by the central control unit 23. 
For a better understanding of the operation of the 

correlators 18 and 19 and of the intermediate stores 10T 
and 100, FIGS. 14a to 140 will ?rst be explained. These 
each show a detail of the identical scanning rasters of I 
the three scanning systems, FIG. 14a relating to the 
sample FIG. 14b to the offset original and FIG. 140 to 
the intaglio original. The distance (K) between each 
two raster lines 41 is the same in both directions. 
FIG. 14a shows a selected sample text point reference 

PP. As a result of inaccuracy, for example, when the 
sample and the originals are ?xed on the drums, the 








